Searching PAJ 1 /2 s< — is 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2003-24991 1 

(43)Date of publication of application : 05.09.2003 



(51)Int.CI. 

1 




H04J 11/00 
H04B 3/04 
H04J 13/00 




(21)Application number 


: 2003-003372 


(71)Applicant 


: MITSUBISHI ELECTRIC INF 








TECHNOL CENTER EUROP BV 


(22)Date of filing : 


09.01.2003 


(72)Inventor : 


CASTELAIN DAMIEN 


j 






MOTIER DAVID 



(30)Priority 

Priority number : 2002 02290076 Priority date : 1 1 .01 .2002 Priority country : EP 



IT 



(54) PRE-DISTORTION METHOD FOR TELECOMMUNICATION SYSTEM AND TRANSMITTER 
FOR MOBILE TERMINAL OF MC-CDMA TELECOMMUNICATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a pre-distortion 
method for a telecommunication system comprising a 
base station and at least one user. 
SOLUTION: Each symbol of the user is spread with a 
coding sequence over a plurality of carriers to produce a 
plurality of corresponding frequency components of a 5 E 

signal (Si (t)) to be transmitted over an uplink 
transmission channel to the base station. Each of the 
frequency components is weighted by a weighting g 
coefficient (oi (l)) f the weighting coefficients are 
determined from channel response coefficients (hi (I)) of 
a downlink transmission channel corresponding to the 

carriers at the respective frequencies of the carriers and § _ j - b -» (\ 

from a value of noise variance (a2) affecting the carriers. H ^ \j 



XL 



r 



5 j — # — - 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 

[Date of final disposal for application] 



21.12.2005 



http://www19.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAAu6aOomDA415249911... 2006/04/04 



Searching PAJ 2/2 — v 

[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://vvvvw19.ipdl.ncipi.gojp/PA1/result/detail/main/wAAAu6aOomDA41 5249911... 2006/04/04 



1 



<19)0#@4#fW (JP) 



(12) £fc 



(a) (nmwmm^m^ 
#^§2003 -249911 
(P2003- 249911 A) 
(43) &m B ¥ms*£ 9 MSB (2003. 9. 5) 



(51) IntCl. 7 

HO 4 J 11/00 

H 0 4 B 3/04 

H 0 4 J 13/00 



F I 

HO 4 J 11/00 

H 0 4 B 3/04 

HO 4 J 13/00 



Z 5K022 
C 5K0 4 6 
A 



s^tit* mzmvmo ol nmm&m & 35 jo 



(21)fflS#^ 


$#^2003 - 3372( P2003 - 3372) 


(7DW1SA 


599036406 














(22)tfiiS0 


¥^15^1^ 9 0(2003.1.9) 














• tr— • ^ 




(31)«5fc*fci£3g#^ 


0229007 6. 5 




77>XH» 35700 




(32)ffift0 


¥J6£14*F 1/311 0(2002.1.11) 




— • 5 s - tf^u»y h • 


H • nx^rA 80 


(33)ffift|§£3gB 


BWWMW? (EP) 


(72)%K# 










77>Xi, 35700 










— • 5r ■ tf »y h • 


H • 80 






(74)ftSA 


100057874 










#a± #a mm 















(54) [$m<D&m am^X^AffiCD^U 5V X h-S/g >#ifeRtfM C-CD MAlgS/XTA©8»ffl*fOSI 

(57) [ffM] (^jE*T) 
[RBI Stt A t '>£ < £ * 1 xa>=L— «f— fra 

(Si (t) ) w-tti&wsaaiaftir^is-r-saarositt 

a (w j ( l ) ) i:j=yiftf*l+*li. -tti 

(hj ( I ) ) f fe&att3l2ftf=|g*-*-&it 
^tttfcOJfl (a 2) ifrt>ife5£$;h..5„ 




(2) 



*$Bfl2 0 03-2499 1 1 



(i) h— va >^ 

iHm^-v^;u^iiLrBntssi6^(c^fi^tL^fi^ (s 

i (t) ) <DBtFfB^^(Dm^(C^^^S»<DlS^ 
(d j c j ( I ) ) ^S^l^^'Jf-fT, h-v 

T**)i,fc®<&& (hi ( i ) ) tmtzffi&mzmw? 

zm^K&nm (a 2) (DK^r*fe^m^» 

i ( i ) ) ^ctym^^itstt^ct^^gft^^^iiffi 

[!S*if 2] B^ta^L— ^ ( i ) (C*tLT. MfESc^ 

O, =Diag(h.)Diag(c,> 

g(hj)<hDiag(hj*) itm&T 



I*. 



<fr?'J> Diag ( c j ) irDiag (c 



! ) I* 



is £ met z t &m t -r & is* js 2 iciest zf y ^ -r x 

h- >a^a o 

•^^^^^3.— if-Olft. <fr5U> Diag ( I h j I 
0,=A.DUg(|h ( | J ) 

»i»g(hr) 

m 



o>te&o)j£.frt>%t>1x^ z\z\x. h;u> Mim<4 
VXfflgJ, a l*IE8Hbflig&. m$i)> <D j liMIBSife 

mw— ex £g it 5 t -> t- icg] y m x 

h> tik n^it^-* >xtm&?v *)v&&m®. t iz& 

[§«#II3] HtrtBfTfiJ <ff$"J> <t> i It, 
[»2J 

C*C r Diag( C ;) Diag(h;) 

i=lt«L, :ct. (hj (i) ) lij&i&fe 1 auaaaa 

KliH?IES*fe^0)-9— t*X$glt^T^^-f ^^j. 

[ii*«6] fjtazL— tf- (i) ic*tur. srjtBM^ 



<ffyi]> ntmikft&l. a 2 i*HiifH$i^«fea)fiS, ni* 
Hif!E£H§-<bi'— -!r>X(7)«^, al*IE^b^ia. <fT 
5>J> <P' i lifrtBSife^CD-9— tfXS-gltST^^-f^ 

**ji<fc®m&tizitift+z'nmx-&z>zt$:ft®it-? 

[11*117] BfrfBff^iJ <(t51J> <D' j li. 



0»: =Diag(p < ) Diag(c,) C'C T Diagt^ DiagCp,.) 



*tftfT5IJT-&y. <^5IJ> Diag ( Ci ) tDiag 



(3) ftBH 2003-24991 1 

*. * 



[W*3S1 o] iSfi$tt^v>7K;u (d i ) £4t&<D 

ift&& (i) r=*5fcoTtt*Lr*»a>jBa»a» (d 

i c j ( I ) ) £±/£^£ffi{ffe^fS: (3 1 O) 
M C - C DM Aa«S/X A<D»WMB5RfflO)ai««^fc 
oT, mfB«i£;«<Z>J^2S» ( f i ) fcfc(f^y^ > .j > 
*««***;u©^**;w6*«« (hi ( i ) ) £}g 

S-TifrtfXDltse^a (3 6 0) ffilE^* *;MMf 

b«»a)fi^«» (co i ( i ) ) £*#aj-rtf-](#R 
(3 6 1. 3 6 2) t. «riEjaa»«»*s(rE«^«» 

■C«^f*lt-r4«^f*lt*« (3 1 1) <t C<b: 
SR9tfiMC-CDMAH!yXfA©«»«*ffl 

[000 1] 

fl^Stttt (MC-CDMA) SflvX^rAfflCDT'-/^ 
'J >^CD:/'J7W X I — ->a> (pre-distortion) 

[0 0 0 2] 

[^*coa^] Mc-cDMAii, mmrnum-* )\,*/. 

T4 TT ZfV >T-is 3>mt LTffi < &@ £ JH#>Tt> 
£<> «»«i£;£#^#9]£m««§S (MC-CDMA) 
[*, OFDM (K3En»ft^«J»X) ^PirCDMA^ 

Proceedings of PIMRC 93<7>§& 1#109~113 
v^ffiK*ti/r TMulticarr ier CDMA in indoor wirefe 
ss radio networksj t H£ htztm$:\z&l*X . N. Yee 

ttfcj:-3r«toira3sa?*Lfc. -ottaooH*!*. 19 

97*1 2^C0IEEE Communication MagazineCEM 2 6 
-1 3 3^— islzftrnZfrtz TOverview of Multicarri 
er CDMA j tm^titztmSaz^XS. Harare £ o 

[0003] &o--*f—o>m*ttMittmvm*LT* 
[0004] -fiawf^ n^m&$kmm$hm. zm&m 

<bfc<t\ MC-CDMAliCDMA^OFDM^fll* 



[0 0 0 5] 1111 efr-^tf)ZL— +F— 

i <DMc-cDMAi£fiaom&£^LTi^ 0 ::t' 

H TV?*) >v*£*tfU:i-f *k o£y % 3|«a/i<3.— 
■9 s — i 0)g®iS$ (TMti^) P^lCfe^tiS^-r^o 
d i (n) tf— i ^»=>B#2lJn TlcSife^lC^LT 

^fl^^X^V^^^U^ L. d j (n) teJtffljTJI/^T"* 

7hO)ioT*$i§o lt33i:i 1 oicfei^r, f>>7ff;ud 

i (n) <tc j (n) T?***l5ffitfc*>— -y^X (fcj: 
^i/->r>X) tOSSgMrfrft-So &ifci>-<r>X 

i*. Nf@cD r^^j t> y . & r^^^j r*»in*< 

Ictfi & Eg y ^-coffitfc v— >r >X *<n.— +f — fcfij y 
STe>*iTl**£(Effi"r* 0 -»Mfr % zl— +F— 

izm y ax &*t4tt«i±it36-r * «t ? icsiRr *<d a<» 

[0006] ja»-c*rrd i v>7K;ud j (n) 
tffi«*>— <r>xo>s*fc(D*Ka)tei6. i2oicfct^ 

O FDM#S<b(7)Nfl(7)j^;gSfea)-9-^-b^ hir^r 
i (l)=ci ( I T c ) . |=0...., L- 1 t 

&i-^t\z-fZ> 0 1 2 Odfcux^Mfb^ti 

frv>/K;K7)^P^^IC. ^ya-;H 3 0[:ifc^T;i£ 

uxjfe* (i fft) £^-r£ 0 *>»touH 

Sa)^rBlcfc y tiittfiftt^— hV >^~/Ou;b<M c- 

cDMAi>>7f:;nz:ii*D$H^)o mmzitzcD&miz. 
±iBv>7t?jua>»^y itf5]— (7)^u^-< »>^x (A<ta 

OtCct^E^IJ^b^. MC-CDMAv>7|?;Ui7tP^ 

5 OKcfcyigiHStu T^^y >^2lft^-v^;u^^rL 
r^|{i$*t^ 0 Mc-CDMA^it *HWir(* (i 

FFTfflO) X/<^7 K^^r^ffiSftt. ^^XlC^<0 

[0007] L/c^)<o-c. ^u^-r ^^x^*B§-r^> 
ic4lw»ic«(tft$tL«niita)fll«s s (t) liiUTo 

[0 0 0 8] 
[»7] 



(4) 



2003-24991 1 



S,0) = d^ct (/)expCy • 2^/) 

{B_L nr^f^/i*!)?' (1) 

[0009] C CTr. f | = ( 1 - L/2) /T (1 = 
O L-1) liOFDM^l^MS-Cfc^o 

i (t)exp(j27TF 0 t)) . R e (. ) 

im£*&£. si (t) it&m2ti*>m^<nmm®&m 

~t? <fc -So 

[0 0 10] Rfr^-CDa.— i GOMC-CDMAgflfiS 

[ooi i] K<ti!&. fl-^ii r^^^j 

[0 0 1 2] 
[&8] 

nT<Zi<{n + l)T (2) 

[0 0 13] dCTr. tl*MlLfe1»->7y>W»© 

KI4i— hi ( I ) l± % B«MnT|C 
&{l£:fxfcMC-C DM A v>7t?;KDBlJSfta6a I CDJ^;fi 

(t) i*s««e-eft-6. 

[0014] mmm^z ^v^fi naft«k-e-v->^u > 

^Lr^^^r-^>^;Hz»LTI4. 2 1 OfCfcL>riS 
FFTA<®ffi$tt^ 0 2 2 0^^>0)tU^-efe^^;j6^ll 

f=«*c i * ( I ) £ (C<0«^, JH3J3§2 3 

Oo 2 3 0 L -l(Cfc^T) tlLt^b, 

<*lj«2 4 0l::j5ivc> ^f^o *tWS*f** 2 5 

oicfci>T&tb£;h. }t^v>/rou </\^ h> d i 

y ITIE«#«iJl*<fl)i:b otUttJ: l> 0 
[0015] ^^>|C, D S-C DMAC0cfc5lCMC-C 

13. ^^^§{l{|ljT?fT^ : 5C < tA<r*#«So MC-CDM 

i ( i ) (i =0 l-1) (za>m^. m 

WL$s2 3 0 0 2 3 O |_- 1 Kfcl^T) 

*l£o Lrf^U MC-CDMAT?li, T VZ?*) 



[00 16] t[Sl:MC-CDMAtli % C(D}t^(4. 

T*&3&ffiifcffn^ o^y ^^^u^;u-etr^^^tt*i 

tffcbfcl^o ^Mlr. DS-CDMAtlt ca>tt£ 

[0017] 5=-^*;Htffi<DWH*JtflR-rS(ci4 % %fi 
ffiy (o*tjMTi«|E-r4***!l|5R(rfel\r) r-^u^ 

l^ffl ««rfCH« * SffiflU T'&ffl r * 3 <*: 5 -r 6 C t A< 

*tt&#*.:£f*. (TDDl::fc(t&) j£{I^-v*;KDffl 

[0018] (y^>y>^) ^'Ji^^Xl y 3 >S 

ff5MC-CDMA T D DyXfAll £ * l£VTC2 
000-Spring Tokyo. IEEE 51st. M3#<7) 1 7 7 3-1 
7 7 7^-^[Cfc^T^Pw1£;KTl>£D. q jeong^(7) 

TEffect of channel estimation error in MC-CDMA/TD 
D systemsj t it *Ii*l::K2£**iT l^£ 0 ^'J^r-r 
X h — V3>lt j£{l£:h,<£>MC- C DMA is^7$)V<D 

©JB«k, o*y h s -i ( i ) **jr-r«ct-e«*ic 

*0>fttB£SS5lT?£«. LfrL. gifejg (BS t«E) 

fc«ao) J.— +f— ffl<© 1 o<D#ffl(D{i-s§-£x£{i-r ^ c <t 

A<-e^^i^-i6 (h i - i ( i ) 14 i Ztz 
>'j >^ f-< x h-v a >iw^r*fei)c z 

i~ 1 (I) ^7x-y>W7'^ 

^<?j£mT**)\,\zft&?z>mi$ (o^yBias^jft i 

[0 0 19] 

CD^^(D^^:l^MC- CDMAyXfA(D7'^'J 
[0 0 2 0] 



(5) 



2003-24991 1 



oiciss-r^^-cDcfca^^'j^^x i — >^ 
**t6r4»««i=j:yjMrr*. ^moy^m^mm 

[002 1] 

[*W<D*il50>fl28B] *3&ffla>»ttli* SSttElffitHii 

SilSfilciiMar * c <t a < EXttSEHB Lftltti 
[0022] t> 5-Smc-c dm a tdd 

T*?*r4 ^fti— ff— % i=0 K-1^t>S 

«r4S*Hi::oivc*;L-c^4o — -y 5 — j (c*jl 

c j £fi£#*<c i ( i ) <z>k$ h;u. h;u> h s 

£/&#7b<h j ( i ) cd^-v^uE^^ h/u. <*<7 h 
;u> w ; ^^'jf-fX h-va ><I9w i ( i ) <Dzf<) 
f-fx h-va>^ h;u. <^ k;u> cu j ZWfrm 
9w i ( i ) =w i * ( i ) icaNCr*** h;u<h-T 
£ 0 — »M(c <^ h;u> c i . <^/7 h;u> h j . 

h;u> w j , <^ h;t,> oj j -0-<f X«<N0> 

(ASnr=tttt»»a)Cka)fSift-eft«) **« 

V^c'c^.oC. 

[0 0 3 3] ft^bv-^>xl£IE#ilb£*u -£(0* 

[0 0 3 4] 
[Si 3] 




[0 0 3 5] Ltztf-oT, 

[0 0 3 9] (zl— +f— j * i TMflMA I 

i 14. JsrFa>5*ir«L<fc*. 
[0 0 4 0] 
[916] 



[0 0 2 3] FFT0)t, HHtt, mT0)cfc5(ca 
■TCt (SC (2) 0 
[O 0 2 4] 
[«9] 

[002 5] ::7?, 77 CT 2o AWG N|S^O 

^ o*y 
[0 0 2 6] 
[91 0] 

[0 0 2 7] &m?o 

[0 0 2 8] 7'':/3JU>$5 L **JU<DlE;»£ft£r'&<D 

**«F»ftS/-^>XlcJ:yifitt«k-rftZt1?*<D«# 
SiHttirttBir*. i fl®a- 9 s — iCcfeyilHiS+Lfc 

v>^ua>it£fiifi, j5TFa><fc5i::asi-c?#*o 

[0 0 2 9] 
[911] 

frtfwfyffa+nytfn (4) 

[0030] ::t*, m* % tctTLit&mmmmm (a 
go a>fij#*«rjEaft«»T?fc*. s§ibv-^-> 

h;U> c j H </</? h;U> 77f4a 2|z^Ll>^tfe^|# 

[003 1] 5£ (4) I*. UTF(D«fc 5 1^***1* 1 MO 

[0 0 3 2] 
[912] 

(5) 

[0 0 3 6] 
[914] 

[0 0 3 7] i T"»7f?;Ud i (7)^<i(Cffiffl* 

[0 0 3 8] 
[91 5] 

(7) 

[004 1] -5-^lz»L-C*a<E«(*. UlT<D£5\~U 



(6) 



t#B8 2003-24991 1 



[0 0 4 2] 



[&1 7] 



(9) 



[0 0 4 3] *»Ba>SWI*. T»MA I j tgM* 

ICIEST?, jUda^^-r^-CtDJ.— tP— fC»LTH--e 
»L<ft4J:3l=WR*;|vci**) . ^**JU0>«*A< 

[0 0 4 4] 
C*1 8] 

j =5\4wJ do) 

[0 0 4 5] fti*Lfc*q*&T-ca>*'Mfc<DIWftl*» KIT 

^ y ^ > v a. 19 «[ o s /jx fit £ a, as -r c 1 1 c & ^ . 

[0 0 4 6] 



[ft1 9] 

L = -d,J +22^(wf -w, - JV) 



(11) 



[0047] A j I*. 7«>v^*7lS 

[0 0 4 8] tt^fitOJM^ (^JUSO d j — d i li« SC 
(6) t (8) Axf>felT<0«t-5l-L-C#t.+t5. 
[0 O 4 9] 
[ft2 0] 

3,-dj=4rf •».-iX/'Z rf /(< (12) 
[0050] «»/i(**3a<b-r*ifes^fcfto 

0 Hu> w i = h;u> h i a>«fti=**i*i ic^l 
[005 i ] a d 2) ±<*<0¥*3=stiSg£«i 

[0 0 5 2] 
M*2 1 ] 



+ZJ,(w,"w,-jir) 

[0 0 5 3] iC (1 5) COmi Jlli, JilTCQ [0 0 5 4] 



(13) 
(14) 

(15) 



[ft2 2] 



[0055] /\£;u hvtf^ij CnVD <D i liKl 



[0 0 5 7] g&K, v^^>va.^ftl*JilT<OJ:aiC 



[O 0 5 6] 
[ft2 3] 



[0 0 5 8] 
[ft2 4] 



(17) 



* i i 1 

(18) 



[0059] *v k;u <k^7 h;u> w j * = <^ h 

[0 0 6 0] 
W25] 



{&u 0^/<AT-t 



(19) 



[0061] v i i £ <^ h;u> h i /N-ei^^. 

[0 O 6 2] 



(7) 



2003-24991 1 



[826] 



[0 0 6 3] ::t\ <fr^lj> I l*N x N(D»ttff«t 
fc'&o [827] 

aL/a/y = 2//2]w < w <l>,w / -J>7 v w -2]v>, + 2AT//<x 2 =0 

[0066] 5t (20) t (21) £$ffl****>t!-4Z. [0 0 6 7] 



[0 0 6 4] ^<7)Stfg*C /^*-$ A | 
(20) £**tTl*ftl***-e&4. * AfcSo^^TL 

[0 0 6 5] 



[0 0 6 8] 3t (2 0) (D&lglZ&IMfr £ 

[0 0 7 0] <fr*iJ> <J> j lix;us= - hfx^J-Crfc^CD 
-4 (2 4) <7>&2KD^iH»-efcy s LfrtfoT 
h;u> w j h <k^7 h;u> h j tUSf-c b 

;U> h j H h;L > w j ic^Ll,^ Ltztf-oT* £1 

[0 0 7 1 ] 
[830] 

i 

[0074] z:t> </n-> Alt, 7y7>vii» 

[007 5] Lr=A<-oT. ¥^lfil </<-> AI*mT(DJ; 

[0 0 7 6] 
[»32] 



[0 0 6 9] 
[SS2 9] 



(21) 



(22) 
(23) 



(24) 



(25) 



1 = ^ 



[007 7] 



(27) 

:A i liftjSfliVA I 



[0 0 7 2]2S«**| wj |2[iNf:| 

[0 0 7 3] 
[83 1] 

(26) 

li. 5* (2 O) £ (2 5) frfclEttlzA i <t //(7><il£;* 

S^acifciMMIHrllLi*. *#6Wei*. it (20) r- 

A i <7>{S£5F«Dfia </<-> ATififtlt-^C^^fii^l- 
6o (2 0) J^Ttf) 3 o 

[0 O 7 8] 

[833] 



[0 0 7 9] Jsl-tCDififtllrcfe *J . xC (2 8) 7^*i£<l 

fc&o URSI::!*. j.— 9 s - i a)26«a-ett % it (2 8) 

[0 0 8 0] 
[83 4] 




(28) 



(29) 



[0 O 8 1 ] CCT?. m 

[0 0 8 2] ^tilC. fr^J 
[0 0 8 3] 
[83 5] 

[0 0 8 4] a>3BfrM**A*«t>yt. w i (l)£ 
[O O 8 5] 



(8) 



*#Bfl 2003-24991 1 



[S3 6] 



[0086] fr»js-r4Nfi(D«HKiiit^aa*iB< d 

va>flR»w j ( l ) #IE»MtaF;h,«. Mz % a) 
i ( I ) =w i * ( I ) A*&M*«»*<#tt£*i4o 

[0 0 8 7] 5£ (2 9) fClitr^i 

[0 0 8 8] 

[&37] 

AT 

[oo8 9] tf^&ti&t-th. as«^**ju-t?»i*?x 
id) latm&tfW&Tf ho uz«t»»©iff2 

I*. mii^tLfcil^OS I nr (W^WTjMHHfc) fc 



mtcommt* ^m^7 * — * i= £ o rasiaw* * 

[0 0 9 0] zL-if- i [zft^&ftm <ftj\\) O i 14. 

[009 1] 
[1»38] 

J ; 

^=Z Dia ^> Difl g( c /)t;<)DJag(c;)Diag(h;) (31) 

[0 0 9 2] ::t\ T|i|£ltajj(:^L, <*tOT> d 
i a g (u) <^ HU> u<Dtflft£Zlftm 

[0 0 9 3] 
[»39] 



^=,Diag(hjDiag(cJ2(<<)Diag(c;)Diag(h^ 



[0094] Lf-A<or. j^TcD^ira-rcttf-e^ 



[0 0 9 5] 
[§&40] 

^^DiagChjDiagCcJC^.Dia^Diagfh;) 



(32) 



(33) 



[0 0 9 6] 
ft&\Xfo% 0 
[0 0 9 7] 



it: (33) a^*^**?^ <^j> 0 

AMfg:<i: % igiS^—'JX^ (FFT) 

#t-;u^& (wht) ft^SiiT^^'JXA^ffiffl 

pTftftfTWO) <^J> C* <fr^J> CTflOtHTi^K 

h j ( j * i ) or)^ h;ulclift#L#:i>C<tir;£ 
m-r^z<!:/)<S^-cfc^ 0 tg^ig* i (D&mmx-tt* T 
0=r-< yt£^L—+f—(Dft J =rtzL—*f~ j 0)7 VZ? 1 ) ls<7 

^**jis<»m®it><ibfrz>tzi+v&i^o m^(D^5\z^ -7 

[009 8] 0 31*. *mj\[Z&&TvZ} ')><?<DZfi) 

^tL^v>7K;U^^-r^mi (7)^mi§3 1 0. OFD 
M^SlfclZcfc tjjgS* £S<b^£v;U^:/U^3 2 



fT-r^^v^.— ;u3 3 0. 3fe^j/a:^J^jSll3 4 0, if 

E;jft»fifc#d i c j ( I ) fr-tti-f+tM 
*MI»oj i ( 1 ) = w j * ( 1 ) Jilt^i2 0)il 



§13 1 1 *ffi7Lz> 0 ?**juc«fltath c 1 ) (4, ^ 

Wit KAOT^f -< zl— tf-i-ffl y at **xfcfr^ 

ibv- ^>X|::o^T(7)&§a^£. (3 3) CtoT 

*t^J0 j *><f+S£;h,£ 0 vzl— ;u3 6 2izfcixr. ft 
MO j . K/7 h;Uh j . ^aolaZ^^^ijf^ 
X I — ->a >ffi»w j ( I ) *<5£ (2 9) luftoT&g: 
i (l)=wj* (l) tfftffi* 

[0099] jaT-e^-r»i 0)SE^«Tff4. ^vzl— ;u 
3 6 1 icfcltSfrM <trJ"J> <P ; (Dtfttl*. XRIStt-e 
fT^5c^A<t?#^ 0 StfBfc. pi ( I ) t 6 i ( I ) 
^Wtlf^^^MSh j (I) (D*£££<ift 
-efc£££|C. hj ( I ) =p j ( I ) e j 8 i ( I ) 

^ti^Hp i (I) (hej^i (I) ^iS^fr^ 

[0 1 o o] 



(9) 



$#§8 2 003-24991 1 



[ft 4 1 ] 



[0101] jajtcDxe-ete. MTomm&i&mLT^ [0102] 

*>o [&42] 

O^Diag^jDia^CVDiagfc^DiaglpJ 



(34) 



(35) 



[0103] it (34) frt>yLT<D£olZ&MT'$& 0 
[0 1 0 4] 
[»4 3] 

w f =ar^Diag(c Jfl ').a>VDiag(e- ,e *)+^llj b, 
= Diag(e _/ *' 



[0107] ::■(?, 

[0 10 8] 
K45] 



[0 10 9] T*fc&o L^oT. 3 6 1 £ 3 6 2|rfc 
i ' ( I ) lC(4ffl(D«»e- J ^ i ( I ) ^Sffi-T^C 

[0110] **w<D«2(D«^«$ja»-eiftwr4o 

MC-CDMAA«*fi«TfBftU »»<fc*>— 

fr*»J <fT*U> C* <fr*i]> CH^ »ttffMi=*L 
<tty. *f-SC (33) liJslTt&cfcolcfcr&o 
[0111] 

[S46] 

(37) 



cP^Diagdh^KI^^DiagdhJ 2 ) 



[01 1 2] it (37) £j£ (29) dftALT. 
Mffitf>i§^0)j£#w j (I) A<jaT0)«fc3frft4^iJ-T 

[0 113] 
[S(47] 



(38) 



[0 114] C^T*. al*iE«fc«»-Cfc*. -t(D« 
[0 115] 



[0 10 5] Lf:A ( ot, UTF 5 \Z&-t Z t t)<V$ 

So 

[0 10 6] 
[844] 



(36) 



[*48] 

©,(/) = aN 



(39) 



[0 116] *>XTAA<fk*fi«f-e»ftL-Ct^d:i^# 
icli. fr^iJ <fr*i]> C* <fr?)J> C T|* iii^afT^J 
rr«L<«EL^ ttflKXtfKOJ: y**W*i34 
So SSI®. »#i«*(*isiTa)«fc5i=*a?*t-& 0 

[0 117] 
[849] 

(40) 



[0118]fLT. ac k j*C k ' jlik^k'CO 

[0 1 19] 
[»50] 

[0 12 0] *yt**<ft4iMSti4 0 <fr 

r% iaT(Dxt^#So 

[0121] 
[85 1 ] 



(41) 



[0 12 2] g&fZ. xt (4 1) $S (2 9) iCftAL 



(10) 



ttffi 2003-24991 1 



[0 1 2 3] 

[$r 5 2] 

[0 12 4] ZLZV. Qt\tTEm{tm%LX-&&o 0£y. 
IWw i ( I ) l*)ckT<D&5\Z&ZtlZ>o 
[0 12 5] 
[»53] 



(43) 



[0 12 6] S&i:, ft*;nS»«Rh j (D (i 

= o L-i) \zftMMm<&&m&* mai 

[0 12 7] 
[U(54] 

" 2 



(44) 



[0128] cc-e. # i*. o^p^i (D^mom^m 

»x?*y. ***;wE*flHSh j (I) (i = 

o l-1) <D*§BII»«££ttu ^v*;ws 

[0 12 9] 04ft ^^fCjcSMC-CDMA&fl 
*SW(DMC-CDMASia(D«iS$*t 0 !H2CDft 



0. FFT^^i-;U4 20 (?l/7-f^X|»ai| 

<o^ia^*$^S:-r^SS:s§4 30 0 -430 L -i, 
-ftJffllffi^fliJI^fiii*. £ c <t A< RFfiS V 

[0 13 0] S3 Irm^Lf-MC-C DMAi^ff^fZlO 

im i ] aaaa)a*p**f=:j3L^rHftio!>Mc-cDM 
AiS(i«(7)«ata)«iBS$*-ro 

[H2] ^(7)^7K^lCfctxreE^P(DMC-CDM 

[i3] C«1:§MC-CDMA i£<I8l<7)fg£(D 

[114] *§£BMlZ&&MC-CDMA7£mmt#:lZ& 
ffl^MMC-CDMA £fltt<DfltJ&0>ffK£ ^"To 




(11) 



2003-24991 1 



210 



220 



fl(<>K(0) 230 0 



250 



S/P 






r 

j 


FFT 





[BB4] 



410 



420 



*,*(0) 430 0 



450 



S/P 






! 




FFT 








(12) 



ISM 2003-24991 1 



(72)$£BJ3# ^tV V K • tf^fx — A(##) 5K022 DD01 DD13 DD19 DD23 DD25 

35700 J"J-=l DD33 DD35 EE02 EE14 EE21 

-•f ■ t*i'vh - K - zixXA 80 EE31 

5K046 AA05 EE37 EE52 EE59 



(13) 



2003-24991 1 



1. Title of the Invention 

PRE-DISTORTION METHOD FOR TELECOMMUNICATION SYSTEM 
AND TRANSMITTER FOR MOBILE TERMINAL OF MC-CDMA 
TELECOMMUNICATION SYSTEM 

2. Claims 

1. Pre-distortion method for a telecommunication system comprising 
a base station and at least one user (i), each symbol (d.) of said user being 
spread with a coding sequence (<;,(*) ) over a plurality of carriers (£) to 
produce a plurality of corresponding frequency components (dffl)) of a 
( signal (5,(0) to be transmitted over an uplink transmission channel to said 

base station, characterised in that each of said frequency components is 
weighted by a weighting coefficient (a>,C0), said weighting coefficients 
being a function of the channel response coefficients ( h t (£) ) of the 
corresponding downlink transmission channel at the frequencies (f ( ) of said 
carriers and of a value of the noise variance (cr 2 ) affecting said carriers. 

2. Pre-distortion method according to claim I, characterised in that, 
for said user (r), a vector representing said weighting coefficients is 
determined from a vector h, representing said channel response coefficients 
as the conjugate of a vector w, , the latter vector being obtained from an 

expression of the type w, = fl ^* |+ 5L-ij h f , where I is the identity 

matrix, a 2 is said value of noise variance, N is the length of said coding 
sequences, a is a normalisation factor, fl>, is a matrix depending on the 

coding sequences allocated to the active users served by said base station 
and on said channel response coefficients. 

3. Pre-distortion method according to claim 2, characterised in that 
said matrix 4>, is calculated according to an expression of the type 

tf, = Diag0i f ) Diag(c.) C*C 7 • Diag(c*)- Diag(h,* ) where »iag(h,) and 

Diag(h*) are diagonal matrices having respectively said channel response 

coefficients and the conjugates thereof as diagonal elements, Diag(cJ and 
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Diag(c") are diagonal matrices having respectively the elements of the 
coding sequence of said user and the conjugates thereof as diagonal 
elements, C is a matrix representing the code sequences allocated to the 
active users, and where .* and , T respectively denote the conjugate and the 
transpose operations. 

4. Pre-distortion method according to claim 2, characterised in that 
said matrix <X>, is calculated according to an expression of the type 

<!>, = — r DiagUhJ I where K is the number of active users and Diag(|h,| J ) 
N 

is a diagonal matrix having the square modulus of said channel response 
coefficients as diagonal elements. 

5. Pre-distortion method according to claim 1, characterised in that 
said weighting coefficients (O^t) of the frequency components relative to 

the carriers Z are proportional to ' - ' where h.(l) is the 

channel response coefficient at the frequency of carrier t , JV is the length of 
said code sequence and K is the number of active users served by said base 
station, J3 is a real weighting coefficient and .* denotes the conjugate 
operation. 

6. Pre-distortion method according to claim 1, characterised in that 
for said user (/), a vector <d\ representing the respective amplitudes of said 
weighting coefficients is determined from a vector p/ representing the 
respective amplitudes of said channel response coefficients, according to an 

expression of the type a>] =cr-[ <P',+— I p, where I is the identity 

V N J 

matrix, a 2 is said value of noise variance, N is the length of said code 
sequence, or is a normalisation factor and <I>j is a matrix depending on the 

coding sequences allocated to the active users served by said base station 
and said channel response coefficients. 
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7. Pre-distortion method according to claim 6, characterised in that 
said matrix Q>] is calculated according to an expression of the type 

<&'. = Diagfo )■ Diag(c, )• C*C r - Diag(c")- Diag(p j ) where Diag(p i ) is a 

diagonal matrix having the components of said vector p/ as diagonal 
elements, Diag(c,) and Diag(c*) are diagonal matrices having respectively 

the elements o£ the coding sequence of said user and the conjugates thereof 
as diagonal elements, C is a matrix representing the code sequences 
allocated to the active users, .* and 7 respectively denote the conjugate and 
the transpose operations. 

8. Pre-distortion method according to any preceding claim, 
characterised in that said value of noise variance is retrieved from a look-up 
table. 

9. Pre-distortion method according to any of claims 1-7, characterised 
in that said value of the noise variance is a measured value transmitted by 
said base station. 

10. Transmitter for a mobile terminal of an MC-CDMA 
telecommunication system comprising spreading means (310) for spreading 
a symbol (d) to be transmitted over a plurality of carriers ( £) to produce a 
plurality of frequency components {dfff)\ characterised by estimating 
means (360) for estimating the channel response coefficients of the 
downlink transmission channel at the frequencies ( f t ) of said carriers, 

calculating means (361, 362) deriving from said channel response 
coefficients and a value of the noise variance (<r 2 ) affecting said carriers, a 
plurality of weighting coefficients (#,(^)), and weighting means (311) for 

weighting said frequency components with said weighting coefficients. 

3. Detailed Description of Invention 

The present invention relates to a method for uplink pre-distortion for a 
Multi-Carrier Code Division Multiple Access (MC-CDMA) 
telecommunication system. 

MC-CDMA has been receiving widespread interest for wireless 
broadband multimedia applications. Multi-Carrier Code Division Multiple 



(16) 



2003-24991 1 



Access (MC-CDMA) combines OFDM (Orthogonal Frequency Division 
Multiplex) modulation and the CDMA multiple access technique. This 
multiple access technique was proposed for the first time by N. Yee et al. in 
the article entitled "Multicarrier CDMA in indoor wireless radio networks" 
which appeared in Proceedings of nMRC'93, Vol. I, pages 109-113, 1993. 
The developments of this technique were reviewed by S. Hara et al. in the 
article entitled "Overview of Multicarrier CDMA" published in IEEE 
Communication Magazine, pages 126-133, December 1997. 

Unlike DS-CDMA (Direct Spread Code Division Multiple Access), in 
which the signal of each user is multiplied in the time domain in order to 
spread its frequency spectrum, the signature here multiplies the signal in the 
frequency domain, each element of the signature multiplying the signal of a 
different sub-carrier. 

In general, MC-CDMA combines the advantageous features of CDMA 
and OFDM, i.e. high spectral efficiency, multiple access capabilities, 
robustness in presence of frequency selective channels, high flexibility, 
narrow-band interference rejection, simple one-tap equalisation, etc. 

More specifically, Fig. 1 illustrates the structure of an MC-CDMA 
transmitter for a given user /. We consider here the uplink, i.e. we suppose 
that the transmitter is located in the mobile terminal (denoted MT) of a user /. 
Let d f (n) be the symbol to be transmitted from user / at time w^to the base 

station, where d^ti) belongs to the modulation alphabet. The symbol d.(n) 

is first multiplied at 1 10 by the a spreading sequence (and a scrambling 
sequence which is here omitted for the sake of clarity) denoted c. (/) . The 

spreading sequence consists of// "chips", each "chip" being of duration T c > 
the total duration of the spreading sequence corresponding to a symbol period 
T. Without loss of generality, we assume otherwise specified in the following 
that a single spreading sequence is allocated to the user. In general, a user 
may be allocated one or a plurality of orthogonal spreading sequences (multi- 
code allocation) according to the data rate required. In order to mitigate intra- 
cell interference, the spreading allocated to different users are preferably 
chosen orthogonal. 

The result of the multiplication of the symbol hereinafter simply 

denoted d f by the elements of the spreading sequence gives AT symbols 
multiplexed in 120 over a subset of AT frequencies of an OFDM multiplex. In 
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general the number N of frequencies of said subset is a sub-multiple of the 
number L of frequencies of the OFDM multiplex. We assume in the 
following that L=N and denote = c / (W e ) » ^ = O y .. t L-i the values of 

the spreading sequence elements for user /. The block of symbols multiplexed 
in 120 is then subjected to an inverse fast Fourier transformation (IFFT) in 
the module 130. In order to prevent intersymbol interference, a guard interval 
of length typically greater than the duration of the impulse response of the 
transmission channel, is added to the MC-CDMA symbol. This is achieved in 
practice by adding a prefix (denoted A) identical to the end of the said symbol. 
After being serialised in the parallel to serial converter 140, the MC-CDMA 
symbols are converted into an analogue signal which is then filtered and RF 
frequency up-converted (not shown) before being amplified in amplifier 150 
and transmitted over the uplink transmission channel. The MC-CDMA 
method can essentially be regarded as a spreading in the spectral domain 
(before IFFT) followed by an OFDM modulation. 

The signal S,(t) at time / which is supplied to the amplifier before 

being transmitted over the reverse link transmission channel can therefore be 
written, if we omit the prefix: 

S,(0 = ^Z c #W«p(/2^0 for nT<t<(n + l)T (1) 

where f t - (t-L/2)/T, £ = 0,..,Z,- 1 are the frequencies of the OFDM 

multiplex. More precisely, it should be understood that the transmitted signal 
is in fact Re(S f (t)exp(j2nF 0 tJj where Re(.) stands for the real part and Fo is 
the RF carrier frequency. In other words, S i (/) is the complex envelope of 
the transmitted signal. 

An MC-CDMA receiver for a given user / has been illustrated 
schematically in Fig. 2. Since we consider the uplink, the receiver is located 
at the base station. 

After baseband demodulation, the signal is sampled at the "chip" 
frequency and the samples belonging to the guard interval are eliminated 
(elimination not shown). The signal obtained can be written: 
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^0 = ZZ*»(0*,(0<«q</-2flf/0+*(0 for nT<t<(n+l)T (2) 

1=0 /«0 

where where / takes successive sampling time values, K is the number of 
users and /r.(tf) represents the response of the channel of the user / to the 

frequency of the subcarrier £ of the MC-CDMA symbol transmitted at time 
w.J and where b{t) is the received noise. 

The samples obtained by sampling the demodulated signal at the "chip" 
frequency are serial to parallel converted in 210 before undergoing an FFT in 
the module 220. The samples in the frequency domain, output from 220, are 
despread by the spreading sequence of user i. To do this, the samples of the 
frequency domain are multiplied by the coefficients c*(t) (here in the 

multipliers 230 0 ,.., 230n) and then added (in adder 240). The summation 
result is detected in 250 for supplying an estimated symbol d i . Although not 

represented, the detection may comprise an error correction decoding like a 
Viterbi or a turbo-decoding which are known as such. 

Furthermore, in MC-CDMA as in DS-CDMA, equalisation can be 
performed at the receiving side in order to compensate for the dispersive 
effects of the transmission channel. In MC-CDMA, the samples in the 
frequency domain are respectively multiplied with equalising coefficients 
qte), t = 0,..,£ -1 (here in 230 0 ,.., 230u,). However, in MC-CDMA in 

contrast to DS-CDMA, there is no simple equalisation method for an uplink 
channel because the estimation of an uplink channel appears very complex. 

Indeed in MC-CDMA, this estimation must be performed before 
despreading, i.e. at the chip level, when the signal from the different users are 
still combined. In contrast, in DS-CDMA, this estimation is usually 
performed after despreading, i.e. at the symbol level, and therefore separately 
for each user. 

In order to overcome the problem of channel estimation, it has been 
proposed to implement a pre-distortion at the transmitter side (i.e. in the 
mobile terminal, denoted MT), so that a simple demodulator could be used at 
the receiver side without needing to estimate the channel. The basic idea 
underlying pre-distortion is to exploit the reciprocity of the transmission 
channels (in TDD), that is the downlink channel estimation performed for the 
downlink demodulation is used as an estimation of the uplink channel. This 
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implies both TDD-operation (same frequency band used for the uplink and 
downlink), and relatively low MT mobility, i.e. low Doppler frequency. 

An MC-CDMA TDD-system with (downlink) pre-distortion has been 
described e.g. in the article of D.G. Jeong et al. entitled "Effects of channel 
estimation error in MC-CDMA/TDD systems" published in VTC 2000- 
Spring Tokyo, IEEE 51 st , Vol. 3, pages 1773-1777. Pre-distortion is simply 
effected by multiplying each frequency component of the MC-CDMA 
symbol to be transmitted by the inverse of the channel response coefficient at 
said frequency, i.e. h^{£). However, contrary to what is put forward in the 

above mentioned paper such downlink pre-distortion is not possible since the 
base station (denoted BS) cannot send one common pre-distorted multi-user 
signal which would have been optimised for the different propagation 
downlink channels from the base station to the mobile terminals 
(hi*(t) depends on /). This problem does not exist for the uplink transmission 

channels and one could think to apply this pre-distortion technique for the 
uplink. However, multiplying the frequency components by the coefficients 
h~\t) may lead to a very high transmitted power if the uplink transmission 
channel exhibits deep fades (i.e. h f (£) may be close to zero for some 
subcarriers t ). This high transmitted power decreases in turn the battery 
autonomy and may significantly increase the interference towards adjacent 
cells. 

An object of the present invention is to design a simple pre-distortion 
technique for an uplink channel in an MC-CDMA system which does not 
present the drawbacks set out above. 

To this end, the invention is defined by the pre-distortion method 
claimed in claim 1 and a transmitter implementing such pre-distortion 
method as claimed in claim 10. Advantageous embodiments of the invention 
are defined in the dependent claims. 

The basic idea underlying the invention stems from the analogy 
between the pre-distortion and the demodulation issues. In both cases, the 
channel selectivity destroys the orthogonality of the spreading sequences and 
orthogonality must be restored without unduly increasing the noise level (in 
the demodulation case), or without unduly increasing the transmitting power 
(in the pre-distortion case). 
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We refer back to the context of an MC-CDMA TDD 
telecommunication system and more specifically to a base station receiving 
complex symbols from a plurality of active users / = 0, .., K - 1 . Let us denote, 

for user /, d t the (complex scalar) transmitted symbol, c; the vector of 
components c.(t) 9 h, the channel response vector of components h,(£) , w; a 
pre-distortton vector of pre-distortion coefficients w t (t) and <o i the 
corresponding vector of weighting coefficients <2>, (^)= In general, c„ 

h, w, and co, are vectors of size TV, where N is the spreading sequence length. 

As mentioned above, it is assumed that N=L, i.e. that the code sequence 
length is equal to the number of carriers and that one active user uses only 
one code sequence. However, the results set out below can be extended to the 
case where the number of carriers is greater than the spreading length 
(typically a multiple thereof) and/or to multi-code transmission. 

After FFT, the received signal can be expressed as (see equation 2) : 



expresses the vector multiplication element by element, that is 
(x°y)* =Xt-yf 

The determination of the uplink channel responses being very difficult 
to achieve, the receiver of the base station simply demodulates the received 
signal by despreading it with each code sequence. The estimation of the 
symbol transmitted by the / h user can be expressed as: 




(3) 



where T] is a vector of AWGN components of variance <? and where « 




(4) 



where // is a normalisation coefficient which for example represents the gain 
of the automatic gain control (AGC). As the code sequences are assumed to 
be normalised, 7, = eft} has a variance equal to cf. 
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The expression (4) can be simplified by introducing a set of vectors Vy 
where : 

Since the code sequences are assumed normalised and of constant amplitude, 
it can be noted that v..=-^rh ( . . Therefore the estimation of symbol d, can then 

be rewritten as: 

J 

The power used by the mobile terminal / for transmitting the symbol dj can be 
expressed as: 

The interference term MAIi (due to the users j*t) is equal to : 
whereas the useful term is equal to : 

3=Mwfv=#4<*, (9) 

The purpose of the invention is to find the vector w, of pre-distortion 
coefficients which maximises the value of dj , while minimising the 

interference MAI f and transmitted power P t . According to the invention, it is 
proposed to minimise a global mean square error taking into account all the 
users under the constraint of a fixed transmitted power for each user. The 
power control loop between the mobile terminal of user i and the base station 
ensures that the product of the transmitted power by the channel attenuation 
is maintained about a desired value which is the same for all the active users. 
Without loss of generality, we may equivalently suppose in the following that 
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the transmitted power is the same for all the users, e.g. equal to N (that is the 
average power of each carrier is chosen equal to 1) and that the channel 
attenuation is identical for all the channels. Let us consider the cost function: 

J^Ed-d)' (10) 

i 

The problem of minimisation under constraint mentioned above 
amounts to finding the minimum of the Lagrange function : 

L = - d J +S4w? -w, -N) (11) 

i i 

where the Xi are the Lagrange scalar multipliers. 

The error on the estimation d.-d. can be obtained from (6) and (8): 

The coefficient fj has to be optimised: for normalised transmission and 

channels, the amplitude of the useful part will depend on the pre-distortion 
method, and be equal to 1 only for w, =h ( . A bias will therefore be 

introduced, and must be compensated by AGC before calculation of the 
square error. 

From (12), the global mean square error can be estimated: 
^-^J^^v^w.+l-ZAvf y K -fiy" w,. VZ w ? v i, < w,+/iV (13) 

44^JV2>? V? wj+i-ftvfy.-rf w V<r 2 (14) 

I j it t 

(15) 

The first term of (15) can be rewritten as : 

ES<V>>=SZ<v,v> l =Sw ( f2v /( v«V=ZwfO < w J (16) 
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where the Hermitian matrix <I>/ is defined as ; 



J 

Finally, the Lagrange function is expressed as : 

(18) 

By calculating the gradients according to the vectors w* = ©, (the same 
result is obtained by calculating the gradients according to vector w,), the 
following set of equations is obtained : 

V .L =// 2 0,w I -//v..+^w i =0 for 0</<AM (19) 

By replacing with h,/3V : 

^<t>M^,=^, (20) 
where I is the identity matrix of size NxN. 

At that stage, parameters A4 and fj remain to be determined. Deriving L 
according to parameter // provides a new equation : 

SL tdu = w, w *iW # -Z^fv, - + 2K ^ 2 = 0 ( 21 ) 

i 1 i 

By combining equations (20) and (21), we obtain : 

2S<(>^w ( ]^^<h r ^^2^ 2 =0 (22) 
jf&S^^Z^t+M^ (23) 
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Furthermore, by multiplying on the left each term of equation (20) by w", we 
obtain : 

pV^w.+^iT^f^ < 24 > 

As <!>, is Hermitian, the left-hand term of (24) is real, and therefore wf h. is 
real and equal to hf w, . A simple expression between the A, and is 
obtained : 

KSo*=YAi*t (25) 
Since the transmitted power |w/| 2 is assumed to be equal to N : 

Kjfa*=l/Eft=NKl (26) 

where A is the average value of the Lagrange multipliers A,. 
The average value A can therefore be expressed as : 



(27) 



Let us recall that each Lagrange multiplier A, must be chosen so that each 
transmitted power |w/| 2 is equal to N. It is very difficult in practice to 
determine precisely the A and fx values from equations (20) and (25). 
According to the invention it is proposed to approximate in equation (20) the 
Ai values by the mean value A . Equation (20) then becomes : 

w^^,^iyh^^,*^Jh^^^j\ (28) 

Due to the above approximation, equation (28) could provide a solution 
with a transmitted power slightly different from N. In addition, the 



(25) 
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transmitter does not know the value of parameter //. In practice, the 
transmitter of user / solves the linear system of equations (28) i.e. determines 
the unknown pre-distortion vector w, and normalises the result so that |w/| 2 is 
equal to N. Therefore, 



w, -a 



sr 2 >_l 
k * J 



(29) 



where the real coefficient a corresponds to the normalisation of w,. 

Equivalently, instead of inverting the matrix "^^r 1 a system of N 



are 



linear equations corresponding to ^O,. +^-ljw, =h,, and where w < (^) 

the unknown coefficients, can be solved. The pre-distortion coefficients 
are then normalised as set out above. The weighting coefficients are 

then obtained from ® l (f) = w*(0- 

Because of the presence of the matrix — I in expression (29) the pre- 

N 

distortion coefficients w ( (jt) are bounded even if a deep fade is experienced 
on the transmission channel. The value of the noise variance <x 2 is taken here 
as the inverse of the SINR (Signal to Interference plus Noise Ratio) for the 
demodulated signal. It can be estimated by the base station and transmitted to 
the mobile terminal. Alternatively, a value of the noise variance a 1 can be 
retrieved from a look-up table of typical values stored e.g. in a memory of the 
mobile terminal. In general, the table is indexed by the parameters of the 
communication as the targeted BER level, the type of modulation, the type of 
channel coding used. 

The matrix <P/ for user / can be expressed as a function of the code 
sequences cj (for all the users J) and channel response h, as follows: 

*,=Z*,*>Zh+nfc*,<*,T (30) 

^^DiagChjDiagCc.Xcx^Dia^Diagfh;) (31) 
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where 7 denotes the transpose operation and Diag(u) denotes the diagonal 
matrix having the components of the vector u as diagonal elements. 



where C is the NxK matrix of the code sequences. 

As it can be seen from expression (33), the calculation of * f - merely 
entails a multiplication by diagonal matrices which requires few simple 
operations, and the calculation of the matrix C*C r for which fast algorithms, 
e.g. Fast Fourier Transform (FFT) or Walsh Hadamard Transform (WHT) do 
exist. The latter matrix needs only to be recalculated when the number of 
users or the code allocation changes, for example every frame. It is important 
to note that the matrix <P/ and hence the vector w/ does not depend on the 
vectors of channel coefficients hjjTi. The transmitter of the mobile terminal i 
simply needs to know the codes of the active users and the coefficients of the 
uplink channel for user i. As indicated above, the coefficients of the uplink 
channel are supposed identical to those of the downlink channel. 

Fig. 3 illustrates the structure of a MC-CDMA transmitter 
implementing the uplink pre-distortion method according to the invention. As 
in the prior art, the transmitter comprises a first multiplier 310 for 
multiplying the symbol to be transmitted by the code sequence of user /, a 
multiplexer 320 for multiplexing the results over the OFDM multiplex, a 
module 330 performing an inverse Fourier transform (with prefix insertion), 
a parallel/serial converter 340 and an amplifier 350. In contrast with the prior 
art however, the transmitter further comprises a second multiplier 311 for 
multiplying the frequency components dfi.(l) with the weighting coefficients 

= w*(<0 respectively. A channel estimation module 360 estimates, e.g. 

from a received signal corresponding to a pilot symbol transmitted by the 
base station, the channel coefficients h(£) . From these coefficients and the 

knowledge of the code sequences allocated to the K active users, the matrix 




(32) 



and therefore : 




(33) 
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<I>/ is calculated in module 361 according to equation (33). From the matrix 
the vector hi and a value of noise variance a 1 the module 362 determines 
the pre-distortion coefficients w>.(0 according to expression (29) and then the 

weighting coefficients 0,(0 = 

According to a first variant of the invention shown below, the 
calculation of the matrix O, in module 361 can be made in the real domain. 
Indeed, if h(£)-p.(e)e Wi) where pfj) and 6 t (£) are respectively the amplitude 
and the argument of the channel response coefficient h{£), and we denote p, 
and e je * the vectors of components p,(£) and e jG>in respectively, we have: 




(34) 



where we have denoted: 




(35) 



From equation (34) we obtain: 




Hence, 




(36) 
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where to 



( V 



p, . It is therefore possible to make the 



calculation in 361 and 362 in the real domain and to apply last the phase 
factors e" J3iin to the real components <o](l). 

A second variant of the invention is described hereafter. First, it is 
assumed that the MC-CDMA operates at full load and the code sequences are 

* 7* 

orthogonal or quasi-orthogonal. In such instance the matrix C C is equal to 
the identity matrix and (33) then becomes: 

a> ( =Diag(|h < nc,r)=l:Dbg(|h,r) (37) 

By replacing the expression (37) into (29), we obtain for the full load case a 
pre-distortion vector of components w- (£) : 

Wl V) = aN l (38) 

where or is a normalisation factor. In such instance, the weighting 
coefficients are expressed as: 



a>,{t) = <*N z ; (39) 



When the system does not operate at full load, the matrix C*C r is not 
equal to the identity matrix anymore but the diagonal terms remain 
predominant. Indeed, the diagonal terms are equal to : 

r.-Zc^-^ (40) 

and are expected to be larger than the off-diagonal terms 

r-i 

=2]CjC t . since the terms C'C^ tend to cancel out each other when 
k*k\ By approximating the matrix C*C r to its diagonal terms, we obtain: 



(29) 
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O^Diag^lh.ncJ^-^DiagdhJ 2 ) (41) 

Finally, by replacing expression (41) into (29), the components of the pre- 
distortion vector, can be approximated as follows: 

K 

where a is a normalisation factor. That is, the weighting coefficients to t {t) 
are expressed as: 

e>te) = «-Z. ~m < 43 > 



In addition, it can be shown that, if the channel response coefficients 
K (0 , / = 0,..,i-l are correlated, the MAI level is reduced and the 

following expression for the weighting coefficients is advantageously used: 
/A M 2 $(() .... 

<»At)=<x— '-rHj — < 44 > 

where J3 is a weighting factor, 0 £ fi < 1 , which reflects the correlation of the 
channel response coefficients h£i) t £ = 0,,. y L-l and departs from /? = ] 

when the channel response coefficients are correlated. 

Fig. 4 illustrates the structure of a MC-CDMA receiver in the base 
station adapted to receive a signal transmitted by a MC-CDMA transmitter 
according to the invention. As in the prior art of Fig. 2, the present receiver 
comprises a serial to parallel converter 410, an FFT module 420 (with prefix 
removal), multipliers 430 0 to 430l-7 for multiplying the samples in the 
frequency domain by the conjugates c*{l) of the elements of the spreading 

sequence, an adder 440 and a detector 450 for supplying the estimated 
symbols. As in the prior art, an error control decoding can be provided, like a 
Viterbi decoding or a turbo-decoding. In contrast to the prior art, however, no 
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equalisation is needed since pre-distortion has been performed at the 
transmitter side. 

Although the MC-CDMA transmitter illustrated in Fig. 3 has been 
described in terms of functional modules e.g. computing or estimating means, 
it goes without saying that all or part of this device can be implemented by 
means of a single processor either dedicated for performing all the functions 
depicted or in the form of a plurality of processors either dedicated or 
programmed for each performing one or some of said functions. 

4. Brief Description of Drawings 

Fig. 1 depicts schematically the structure of an MC-CDMA transmitter 
known from the state of the art; 

Fig. 2 depicts schematically the structure of an MC-CDMA receiver 
known from the state of the art; 

Fig. 3 depicts schematically the structure of an MC-CDMA transmitter 
according to the invention; 

Fig. 4 depicts schematically the structure of an MC-CDMA receiver to 
be used with the MC-CDMA transmitter according to the invention. 



(35) 



2003-249911 



1. ABSTRACT 

The invention concerns a pre-distortion method for a 
telecommunication system comprising a base station and at least one user. 
Each symbol of said user is spread with a coding sequence over a plurality 
of carriers to produce a plurality of corresponding frequency components of 
a signal to be transmitted over an uplink transmission channel to said 

base station. Each of said frequency components is weighted by a weighting 
coefficient said weighting coefficients being determined from the 

channel response coefficients ( ) of the corresponding downlink 
transmission channel at the respective frequencies of said carriers and from 
a value of the noise variance (a 2 ) affecting said carriers. 

2. Representative Drawing 

Fig. 3 



